croscopy (NSOM) [1] make it possible to image the fluorescence from single molecules with nanometric resolution [2] and extend the single molecule spectroscopy work done at cryogenic temperature [3] to the room temperature regime.
Single molecule fluorescence can be spectrally [4] and temporally resolved [5 -7] with NSOM. In order to extract useful information from these experiments, however, perturbations to spectroscopic measurements induced by the aluminum coated fiber tip need to be characterized. In this paper, single molecule fluorescence lifetimes are experimentally determined and numerically computed as a function of the relative position of the molecule and the NSOM tip. In addition, spectral shifts and emission quantum yields are also computed.
We present a new methodology that allows computation of the fluorescence characteristics for the specific NSOM tip geometry (or any arbitrary geometry). The computational results reveal significant insight into the experimental observations and allow us to predict the proper conditions under which spectroscopic measurements with NSOM can be performed with minimal perturbations. Fig. 2) and collecting the fluorescence passing through the substrate [5] . The transition dipoles of the single molecules are determined to be parallel to, and randomly oriented on, the substrate surface [5] . The fluorescence decays of single molecules are measured by the timecorrelated photon counting method [5 -7] . [11] : (4) and (5) for infinitely extended flat interfaces [11] .
For the specific geometry of the NSOM tip, in which the "edge effect" is expected to play an important role, one has to resort to numerical solutions for Ep and P. [14, 15] , respectively, and is accurate for cu ) 1.5 eV. We adopt the FDTD formulation of Leubbers, Hunsberger, and Kunz [14) to evaluate D(t): t D(t) = cpE(t) + cp E(t r)~(r) dr, (7) where g(r) is the Fourier transform of~(co). The FDTD simulations were performed in two dimensions in order to reduce the computational time on an IBM RISC6000/590 computer. The 360 nmX360 nm area shown in Fig. 2 [17] . However, here we need to mimic the radiation from a point dipole in FDTD. As shown in the inset of Fig. 2, a horizontal [14] .
As a necessary check of our methodology, a comparison is made in Fig. 4 In order to gain a physical insight into the computed lifetimes, we separate the contributions from the radiative rate (y") and the nonradiative rate (y", = y -y"). [4] . For high frequency resolution NSOM experiments done at cryogenic temperatures [18] , however, the position dependent frequency shifts predicted in Fig. 5(g) can be significant [19] . Figure 6 shows the variation of Aco/7o and r/ro as a function of h for a centered hori-
Finally, the right column of Fig. 5 To whom correspondence should be addressed.
